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Accidental and deliberate discharges from maritime transportation activities have been 
widely perceived as major sources of pollution. Preventive and control management 
strategies have therefore been progressively introduced internationally to reduce and 
eliminate these inputs to the marine environment. The long-term effectiveness of these 
measures, applied to vessels operating in the waters around the British Isles, is the research 
question that has been under investigation by the author since 1971.
Following analyses of stakeholders' interests and concerns, and associated information 
requirements, the aims and objectives of a phased work programme were identified. These 
focused primarily upon three vessel-source marine pollutants; oil or oily mixtures, 
packaged dangerous or harmful goods and garbage.
After a review of the literature, assessment strategies, designs, methodologies and 
analytical techniques were devised and applied over varying spatial and temporal scales. A 
data acquisition and management system, utilising questionnaire returns from 13 reporting 
organisations, was employed to support an annual survey on marine oil pollution. A 
similar approach, combined with published information, facilitated a characterisation of 
packaged chemical incidents around the coastline and changes over time.
To determine different sources and other attributes of marine litter, an ocean-focused beach 
survey design was devised and applied on the shores of the English Channel, Irish Sea, 
North-East Atlantic Ocean and North Sea. A series of surface drift experiments and an 
open-water sighting survey provided further information on movements and densities of 
marine litter in the open sea.
Research outputs, including the publications submitted, have been reviewed and identified 
as authoritative sources of information by the competent authorities and other interested 
parties. These include the Department of the Environment, Transport and the Regions, 
European Commission, International Maritime Organisation, Royal Commission on 
Environmental Pollution, Smithsonian Institution for Short-Lived Phenomena and the 
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1.0 ENVIRONMENTAL AND SAFETY CONCERNS
The state of the marine environment as regards pollution has become an increasingly 
important issue of concern to the scientific community, national and international policy 
makers and the general public. In response, an increasing number of frameworks have 
been developed at governmental and inter-governmental levels to address these problems 
through improved preventive and control management strategies. For example, Chapter 17 
of Agenda 21 of the United Nations Conference on Environment and Development 
(UNCED) called for management-related activities to prevent, reduce and control 
degradation of the marine environment from land-based and sea-based activities, including 
shipping (UNCED, 1992). Our current state of knowledge has shown that shipping 
operations are sources of a wide range of inputs to both the marine and atmospheric 
environments. Discharges and emissions include oil, chemical cargoes, garbage, anti- 
fouling paints, sulphur and nitrogen oxides (Pullen, 1996).
Historically, public opinion has identified vessel-source pollution as a major threat to the 
marine environment. Oil at sea and litter were environmental issues raised more than once 
in oral or written evidence to the Royal Commission on Environmental Pollution (RCEP) 
in 1982 (RCEP, 1984). A 1984 EEC-wide survey examining public attitudes to the 
environment discovered that most respondents regarded the threat to sealife and beaches 
from oil spills as the most worrying problem facing Europe (Anon., 1984). Similar 
perceptions were evident from the results of three surveys commissioned by the 
Department of the Environment (DoE) during 1986,1989 and 1993 (DoE, 1994).
Having considered the concept of quality management and its application to shipping 
operations, Rawson (1995, p. 62) noted that "the public see the industry as either part of, or 
apologists for, the worst operators: the bulk carriers that fall apart, the tankers that pollute 
and the dirty, rusty tween deckers." Partly in response to public opinion, some 
governments have given priority to the reduction and elimination of the more obvious 
forms of vessel-source marine pollution since the 1920's. Particular attention was directed
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to oil, followed by other noxious and hazardous substances and garbage (Anon., 1971; 
Portmann, 1977; Nauke & Holland, 1992).
Following the grounding of the tanker Braer in January 1993, a wide ranging inquiry was 
undertaken by Lord Donaldson for HM Government to advise on whether any further 
measures were appropriate and feasible to protect the UK coastline from pollution from 
merchant shipping. The Inquiry's Report contained 103 recommendations including those 
concerning operational as well as accidental vessel-source marine pollution (Anon., 1994). 
In January 1996 the Government announced a package of 18 measures to reduce the 
dumping of waste at sea by all types of vessels. These are intended to improve provision 
and use of port reception facilities, tighten regulations on legal discharges by ships and 
improve enforcement of waste regulations (DTp, 1996). The Merchant Shipping and 
Maritime Security Act 1997 contains appropriate enabling powers.
1.1 Oil
Although it is now recognised that there are many sources of input of petroleum to the sea, 
there is little argument that the main source of oil in bulk quantity is from shipping. 
Vessel-source marine oil pollution is generally attributed to two types of discharges, 
operational and accidental. Ehler & Basta (1983) defined operational discharges as those 
occurring routinely and internationally as a result of normal operating procedures; 
accidental discharges were subdivided into operational spills involving relatively small 
amounts of oil, typically resulting from equipment malfunctions on board vessels, and 
casualty-spills involving vessel casualties following groundings, collisions, explosions and 
similar causes.
The significance of operational discharges was not fully apparent on a regional or global 
scale until the 1960's and 1970's, following major developments in the seaborne trade in 
crude oil and oil products. Routine discharges of oily wastes from tanker deballasting and 
tank cleaning operations accounted for the largest quantities of oil entering the sea from 
marine transportation activities. These inputs were estimated at 1.35 million tonnes yr" 1 in
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1971 (National Academy of Sciences, 1975a). Corresponding global estimates for 1989 
showed a marked decline in oil discharges from all shipping operations (Marine 
Environment Protection Committee, 1990). However, the United Nations Group of 
Experts on the Scientific Aspects of Marine Pollution (GES AMP) has drawn attention to a 
worldwide shortage of adequate port reception facilities for proper disposal of fuel oil 
sludges and machinery space bilge waters (GESAMP, 1990).
The effects of chronic oil pollution in the marine environment have been the subject of 
numerous studies over the years. Most popular concern has been directed toward seabird 
mortalities (Bourne, 1969) and the consequences of chronic pollution of beaches on a large 
geographical scale. Results from beached bird surveys carried out for many years on north- 
west European shores have indicated substantial seabird mortalities from chronic oil 
pollution, largely attributed to illegal operational discharges from ships (Bourne & Bibby, 
1975; Andrews & Standring, 1979; Stowe, 1982; Stowe & Underwood, 1984; Dahlmann 
etal, 1994).
Widespread distributions of tar residues have been reported in coastal and oceanic waters 
in many parts of the world since the 1960's. Analyses of chemical characteristics of 
pelagic tar samples have shown crude oil sludge discharges from tankers to have been a 
major source. Persistence has been measured in residence times ranging from a few 
months to two years in the oceans (Butler et al., 1973; Levy & Walton, 1976), with similar 
time intervals on beaches (Brunnock et al., 1968; Knap et al., 1980). Reports of the 
adverse effects of chronic oil pollution of shorelines have often referred to damage to the 
local tourist industry. Atwood et al., (1987) noted in the Wider Caribbean region that 
when beach tar values reached 10 g m" 1 (shoreline frontage) visitors became soiled by tar, 
and when values approached 100 g m" 1 , beaches became virtually unusable for tourist 
purposes.
Some large scale studies have indicated that beach tar levels have decreased over the last 
two decades in the mid-North Atlantic, eastern Mediterranean and east Asian regions. For 
example, Golik et al, (1988) published statistics showing significant reductions in the 
amounts of floating tar observed in the Mediterranean Sea between 1969 and 1987. Their 
findings were partly attributed to marked changes in the patterns and volumes of
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movements of oil by sea, but also to the introduction and effective implementation of 
control and prevention measures. The relevant international instruments, their major 
requirements and other details are given in Table A 1.1.
Human error has been identified as the primary cause of most maritime accidents (Anon., 
1994). Devanney & Stewart (1974) established, from world wide data on tanker spills, that 
the number of accidents was broadly proportional to the volume of oil handled, and they 
produced probabilities and recurrence intervals for different numbers of spills per year and 
different spill sizes. Most tanker-casualty spills occur within 80 km of the coastline, 
particularly in narrow straits and entrances to ports and harbours. Statistics compiled by 
the International Tanker Owners Pollution Federation (ITOPF) show reported causes of oil 
spills from tankers, combined carriers and barges since 1974 (Table 1.1). Most incidents 
occurred during routine operations in ports or at oil terminals, although collisions, 
groundings and other accidents caused the majority of spills over 700 tonnes (International 

















































TOTAL 7713 984 285 8982
Table 1.1 Reported causes of oil spills from tankers, combined carriers and 
barges, 1974-1996. (From: International Tanker Owners 
Pollution Federation, 1997).
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Only a small proportion of tanker-casualty spills have caused massive oil pollution; for 
example, approximately 13% of accidental spills recorded by ITOPF were > 700 tonnes 
(Table 1.1). Surveys carried out by the International Salvage Union (ISU) between 1994 
and 1996 concluded that 4.974 million tonnes of crude oil cargoes had been recovered by 
their members, thereby preventing major spills (Anon.,1997). The consequences of 
massive oil pollution are well documented in the literature. Severe damage has occurred at 
local levels with time-curves of recovery lasting up to a decade later (Clark, 1986). The 
major costs of massive oil spills include expenditure on clean-up operations, income lost 
because of adverse effects upon commercial fisheries, the value of lost recreation 
opportunities, income lost by the tourist industry and the value of the spilled oil and lost 
tanker (Anon., 1983). Wardley-Smith (1973) suggested that a further major impact of 
such events is upon local and world public opinion, leading to ill-informed judgements 
concerning the problem of oil pollution.
Maritime accidents have been reduced through improved safety standards, better 
navigational aids, more intensive training of seafarers and new regulatory developments 
pertaining to the management of shipping traffic in the open sea (GESAMP, 1990). In 
addition, the International Maritime Organisation (IMO) has adopted many instruments in 
order to ensure adequate and timely response to accidents as well as to provide schemes for 
compensation, manuals on combating pollution and contingency planning (IMO,1997a). 
The annual numbers of oil spills over 700 tonnes from tankers, combined carriers and 
barges have declined markedly between 1970 and 1996 (Figure 1.1). Similarly, Lloyds 
Register of Shipping's casualty reports identified a casualty rate of 2.36 per hundred 
tankers between 1973 and 1979 compared with a corresponding value of 1.95 for the 
period 1980 to 1987 (Steering Group on Casualty Statistics, 1988). However, an additional 
























































































































































































T.R. Dixon 1997 Section 1
1.2 Packaged dangerous/harmful goods
The IMO have developed classification criteria in the International Maritime Dangerous 
Goods (IMDG) Code which identify dangerous goods and harmful substances carried by 
sea in packaged form (Table 1.2). Dangerous goods are those noxious and hazardous 
substances, or groups of substances, which may jeopardize the safety of ships or their 
crews including compressed gases, corrosives, oxidising agents, flammable and poisonous 
substances, explosives and radioactive materials. Harmful substances are those which have 
bioaccumulative, highly toxic or tainting properties, and therefore pose a risk to living 
resources in the form of marine pollutants. Approximately 600 polluting substances were 
identified by GESAMP in the 25th amendment of the IMDG Code (MO, 1990). In 
practice, most marine pollutants are also dangerous goods, and it is a general principle that 
safety considerations take priority over environmental concerns.
Hazardous or polluting substances other than oil can be transported by sea in three different 
modes: in dry-bulk cargo carriers; in liquid bulk or parcel tankers, or by container vessels 
and general cargo ships. Several hundreds of chemicals are shipped in bulk form while 
another several thousands of different chemicals are shipped in packaged form in 
containerised or non-containerised shipments. Few statistics are available concerning 
Britain's seaborne trade of packaged dangerous/harmful goods. The most recent showed 
that during 1989 approximately 3.6 million tonnes passed through ports. Of these, 1 
million tonnes was carried in ro-ro ships and the remainder in container and general cargo 
ships (K. James pers. comm.).
As a consequence of heavy weather damage or following vessel-casualties a wide range of 
different dangerous/harmful cargoes in packaged form have been lost at sea. In the waters 
around the British Isles examples include IMDG Code Class 6.1 poisonous (toxic) 
substances and marine pollutants dinoseb, lindane (gamma-HCH), ortfzo-cresol, potassium 
cyanide and sodium cyanide, Class 3.3. flammable liquid and marine pollutant, styrene and 
Class 6.1. poisonous (toxic) substance, toluene di-isocyanate (Anon., 1972b; Dixon, 1981; 
Koops, 1988; Anon., 1990a). The quantities of lost chemicals recovered has been partly 
dependent upon the types and capacities of primary and transport packagings, which have
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ranged from a few grammes in individual sachets to quantities of 20 tonnes or more in tank 
containers. The contents of some of these packages have leaked into the sea and depending 
upon the amounts, behaviour, chemical, physical and ecotoxological properties, have 
threatened marine life or public safety over different areas and time intervals.
Class Nature of Hazard3
1 Explosives.




4.2 Substances liable to spontaneous combustion.








9 Miscellaneous dangerous substances (any other 
substances which experience has shown, or may 
show, to be of a dangerous character).
a Each substance defined as harmful is identified as a "Marine Pollutant" in its individual schedule of 
the Code
Table 1.2: Classification of dangerous goods by human hazard in the International 
Maritime Dangerous Goods (IMDG) Code. (From: IMO, 1994).
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Law (1994) identified a theoretical maximum area of 100 km square which could be 
affected by a 10 tonne release of an organophosphorus insecticide in the English Channel. 
Furthermore, it was noted that every incident involving the release of toxic chemicals to the 
marine environment causes some harm, including the disruption of fishing activity, a loss 
of confidence of customers in the wholesomeness of fish and shellfish, costs to government 
of control, recovery and monitoring, and costs incurred by the competent authorities in 
identifying, monitoring and cleaning-up materials washed up on beaches. The non- 
financial costs identified included damage to marine species which are not commercially 
exploited, and reduction in amenity use of any impacted areas. The total Danish financial 
costs incurred in connection with the 1984 search and recovery operation for 53 of the 80 
Dinoseb drums lost from the Dana Optima in the North Sea amounted to approximately 
US$ 1.9 million, and nearly all drums were found in a leaking condition (Stamp, 1988).
A widespread recognition of safety and environmental risks posed by incidents involving 
packaged dangerous/harmful goods has led to progressively stricter enforcement of the 
various regulations and codes covering the marking, labelling, proper packaging and 
stowage of these materials (Table A 1.1).
1.3 Ships' garbage
During the early 1970's it was estimated that the flux of litter to the world's oceans 
amounted to 6.4 million t yr"' (National Academy of Sciences, 1975b). By the end of the 
1980's plastics litter was identified as a possible new addition to the primary list of marine 
pollutants, and one of six areas of immediate concern for the marine environment on a 
global scale (GESAMP, 1990; Mclntyre, 1992). More recently, all types of litter have 
been classified as one of the major categories of contaminants from land-based sources 
which are considered to have real or perceived effects upon the coastal marine environment 
on a global scale (UNCED, 1991; Windom, 1992). Substantial increases in the quantities 
of these wastes entering the marine environment have therefore occurred during the last 
two decades. The proceedings of 4 international symposia refer to the extensive literature
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on all aspects of the global marine litter problem (Shomura & Yoshida, 1985; Wolfe, 1987; 
Shomura & Godfrey, 1990; Clary, 1995; Paris & Hart, 1995).
Major sources of these wastes have been traced to discharges of ships' garbage at sea, 
materials carried to the sea by rivers and municipal drainage systems and litter left behind 
by beach users (Pruter, 1987). Typical items include derelict fishing gear, plastic bags or 
sheeting, strapping bands, rope, wire, clothing and light bulbs. Greatest concentrations of 
marine litter have been recorded along coastal margins because 80% of merchant marine 
activities are generally nearshore (National Academy of Sciences, 1975b). Attention has 
also been drawn to the high densities of marine litter at mouths of major estuaries and at 
convergent frontal systems (Pruter, 1987; Vauk & Schrey, 1987). An early 1980's onboard 
observational study concluded that 6.8 million metal, 0.4 million glass and 0.6 million 
plastics containers were disposed of daily from merchant ships at sea around the world 
(Horsman, 1982).
A growing body of evidence has suggested that all types of marine litter in general, and 
plastics in particular, pose significant threats to marine mammals, seabirds, amphibians, 
fish and crustaceans (Laist, 1987). Plastics materials have been singled out for special 
treatment because of their perceived hazard levels in the marine environment (Goldberg, 
1995). They include their geometric features and related physical entanglement potential, 
suspected extended lifetimes and therefore prolonged duration of entanglement hazard, 
physical properties concerning specific gravity and strength, and toxicity, if ingested, from 
compounding ingredients used in the fabrication process (Andrady, 1988).
In addition to impacts on wildlife, there is a widespread general belief that floating litter 
accumulates over long time intervals, where it degrades marine habitats and interferes with 
recreational amenities. On North Sea beaches in Germany, up to 20% of bathers have 
complained about injuries caused by items of litter (Standing Advisory Committee for 
Scientific Advice, 1986).
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2.0 PRIMARY AIMS OF THE RESEARCH AND OVERVIEW 
STRUCTURE
Following consideration of potential environmental and safety concerns attributed to 
operational and accidental discharges from shipping, primary aims of the research are 
identified. Relationships between the set of publications submitted, primary aims of the 
research and overview structure are then examined. Finally, relevant data quality 
considerations are identified and discussed.
2.1 Primary aims of the research
The primary aims of the research, which is ongoing, are to:
(i) Devise and apply assessment strategies, methodologies and analytical techniques for 
some vessel-source discharges to coastal and oceanic waters.
(ii) Design and carry out temporal trend assessments relating the quantities, sources and 
types of pollution to relevant regulatory standards.
2.2 Relationship between the set of papers submitted and structure of the 
overview
Over a period of more than 25 years the author has studied, and contributed to, 
developments in assessment methods for vessel-source marine pollution. A set of 40 
publications submitted outlines these contributions concerning operational and accidental 
discharges of oil or oily mixtures, packaged dangerous or harmful goods and garbage. The 
structure of the overview summarises these developments and analyses the validity and 
contexts of the contributions. For each of the specified pollutants therefore, a research
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question is defined, a work programme and method of approach outlined, principal 
findings summarised and current, related or future research work identified.
The marine oil pollution publications show how the author acquired background 
knowledge during the 1970's that identified and measured major attributes of operational 
and accidental discharges from shipping (for example, Dixon & Dixon, 1972; 1975; 1976). 
The knowledge was later applied to design data collection and management systems in the 
United Kingdom and elsewhere in Europe (for example, Dixon, 1985). Remaining 
publications identify principal findings from a representative sample of annual oil pollution 
surveys completed since 1978 (for example, Dixon & Dixon, 1985; 1987; 1996). The 
findings have since been applied by different stakeholder groups, and currently by the 
author, in long-term evaluations of pollution prevention and control activities (for example, 
Marine Environment Protection Committee, 1996; Dixon, 1997).
A similar process was followed in assessments of incidents involving packaged dangerous 
and harmful goods. The selected publications identify environmental and safety concerns 
and outline methods applied to collect relevant data (for example, Dixon & Dixon, 198la; 
1986). Long-term effectiveness of regulatory and other controls was then determined 
following comparisons of appropriate data sets (for example, Dixon, 1992). Separate 
assessments were undertaken to more fully understand sources and types of explosives 
ordnance and other hazardous materials recovered on beaches and in nearshore waters (for 
example, Dixon & Dixon, 1979).
Publications on marine litter outline assessment studies completed on beaches and in the 
open sea. These include initial characterisation of environmental and safety concerns (for 
example, Dixon & Dixon, 1981b), development of methodologies and analytical 
techniques (for example, Dixon & Dixon, 1983a), identification of spatial and temporal 
trends (for example, Dixon & Dixon, 1983b) and finally evaluations of the effectiveness of 
regulatory and other controls (for example, Dixon, 1995).
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2.3 Relationship between the structure of the overview and primary aims of the 
research
The following chapters of this overview trace developments through different stages of the 
research demonstrating how primary aims were achieved. In section 3 stakeholder interests 
and concerns are identified with particular reference to information required to assess the 
effectiveness of preventive and control measures. Section 4 reviews different sources and 
types of marine oil pollution data, and then explains how an appropriate data collection and 
management system was developed and applied to integrate available information within a 
single reporting system. To demonstrate applications some short-term temporal trends are 
identified from statistics compiled between 1993 and 1995. Background details are also 
given for a current study identifying and analysing long-term trends from the data.
Data sources and assessment methods for major and minor incidents following losses of 
packaged dangerous or harmful goods at sea are outlined in section 5. Analysis of 
recurring problems experienced by local authorities during search, recovery and related 
operations provided a primary means of determining the effectiveness of preventive and 
precautionary measures. These included, for example, IMDG Code requirements 
concerning marking and labelling of packages.
In section 6 major factors considered in the design and application of assessment studies to 
measure vessel-source marine litter are identified and discussed. These included 
assessment strategy types, field sampling designs, measurement scales and analytical 
techniques. From various aggregations of data statistically verifiable hypotheses were 
constructed to identify any significant long-term differences between observed 
compositional elements and quantities of marine litter. Comparisons between paired data 
sets for two Scottish study areas, for example, indicated that the MARPOL 73/78 Annex V 
regulations were not being observed by vessels operating in the waters adjacent to both 
study areas.
Broad conclusions drawn from the research are presented in section 7. These include 
major developments in assessment methodologies, how effective these have been and what 
impact they have had on policies and actual pollution.
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2.4 Data quality
From the beginning of the research it was evident that the success of the various 
programmes or studies was dependent upon the reliability of assessments and interpretation 
of data. In assessments of temporal trends, for example, it was necessary to understand the 
degree to which data generated over the years was directly comparable. Although formal 
Quality Assurance or Quality Control systems did not exist during the 1970's, the author 
applied appropriate practices and procedures in collection and analysis of data. Their aims 
were to provide acceptable levels of assurance for meaningful assessments to be completed 
in accordance with the objectives of each study.
Practices and procedures employed were described in key publications and details have 
been summarised in appropriate parts of the overview. During questionnaire surveys 
causes of non-response were examined and any gaps in geographical coverage identified 
(for example, Dixon, 1992). Key sources of error were identified and quantified whenever 
possible (for example, Dixon & Dixon, 1983). Reference materials and other information 
were obtained from product and packaging manufacturers to assist identification of 
packagings and other materials in the field (for example, Dixon & Dixon, 1985).
Information provided by competent authorities was generally considered to be the best 
available. To identify any major shortcomings and allow corrective actions to be taken, 
reports were often cross-referenced with other sources of information for the same 
incidents or events. In North Sea Oilfields accidental pollution reports submitted by 
offshore operators were compared with those returned by other independent sources 
including local authorities and environmental groups (for example, Dixon & Dixon, 1996).
In general, therefore, it was believed that adequate steps had been taken to ensure that data 
was of sufficient quality to fulfil the objectives of each study. However, further 
improvements can still be made in determining the acceptability of data such as the 
development of more objective criteria.
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3.0 MANAGEMENT INFORMATION NEEDS
The primary aim of this section is to examine management information needs for major 
stakeholder groups concerned about vessel-source marine pollution. In the design of 
assessment studies, management information needs were carefully evaluated to ensure that 
objectives and measured parameters generated information in a type and form which could 
be applied by policy makers and pollution managers.
Charter (1992, p.63) defined a stakeholder as "a person or group that can influence the 
commercial existence, viability and direction of a company." The current concept 
recognises that stakeholders' interests, concerns and needs extend to corporate environment 
policy and performance as well as other key business objectives. The corporate 
environmental movement was greatly strengthened following the Exxon Valdez Alaska oil 
spill of March 1989, which led to the launch and adoption of the Valdez Principles by The 
Coalition for Environmentally Responsible Economies (CERES). This approach to 
environmental protection, involving a broadening of the range of instruments beyond 
legislation to voluntary self-regulation through continual improvement, requires a clear 
understanding of existing and expected environmental management information needs 
(Azzone el al., 1996; Welford, 1996).
Greater pressures for improved environmental performance on the part of shipping are 
evident from an increasing number and diversity of the industry's stakeholder groups. 
These have been identified for each of the specified vessel-source marine pollutants 
(Tables A3.1, A3.2 & A3.3), and information requirements of each stakeholder group, and 
subsequent applications, are defined. A number of different perspectives have been 
adopted in this analysis including risk-based approaches, assessments of sensitivities of 
some environmental receptors and product-based assessments. Examples are given for 
each.
Historically, policy makers at governmental and inter-governmental levels have responded 
to stakeholder pressures by developing the necessary frameworks for the introduction of
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treaty and non-treaty instruments. These seek ultimately to eliminate and prevent vessel- 
source marine pollution. Therefore, shipping and shipping operations have been subject to 
an increasingly more stringent international legislative framework under the auspices of the 
IMO.
To protect sensitive coastlines, international discharge zones have been delineated and 
different limits specified, usually on the basis of distance from nearest land, and other 
factors. For example, regulation 3(1 )(a) contained in Annex V to The International 
Convention for the Prevention of Pollution from Ships 1973, as modified by the 1978 
Protocol thereof (MARPOL 73/78), prohibits the disposal into the sea of all plastics. 
Minimum distances from nearest land are stipulated for the disposal of other materials 
including dunnage, lining and packing materials which will float (25 nautical miles), and 
food waste and all other garbage (12 nautical miles) (IMO, 1997b).
Contracting Parties to the appropriate conventions are also required to ensure the provision 
of adequate facilities for reception of operational wastes ashore. In waters around the 
British Isles the long-term benefits of these regulations, and subsequent amendments, have 
yet to be evaluated especially in those zones where zero discharge requirements are in force 
or proposed. For example, at the 39th session of the IMO's Marine Environment 
Protection Committee (MEPC), a proposal was submitted to identify North West European 
Waters as a Special Area for MARPOL Annex I (MEPC, 1996).
Accidental spills and cargo losses have been addressed through improved preventive 
measures relating to, inter alia, vessel design, construction, management and operation. 
Evaluation of the effectiveness of these risk reduction strategies are in part dependent upon 
empirical approaches to risk assessment. These in turn require accurate and comprehensive 
statistics on the causes and consequences of casualty-spills and other information (Cole- 
King & King, 1995).
In the United Kingdom, the Board of Trade, followed by the Department of Transport 
(DTp) and more recently the Department of Environment, Transport and the Regions, have 
been responsible for the development and application of shipping policy. At the present 
time the Marine Safety Agency (MSA) and the Coastguard Agency are responsible for
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dealing with day-to-day issues including actual enforcement of regulations and co- 
ordination of responses to marine pollution incidents. Historically, the DoE and maritime 
local authorities have been responsible for planning and undertaking shoreline clean-up 
operations. Port and harbour authorities regulate the conduct of vessels within their 
respective areas of jurisdiction.
Information requirements of the authorities in connection with reduction and prevention of 
the specified vessel-source pollutants fall within three broad categories as follows:
(i) To understand the nature and frequencies of pollution incidents for the purposes of 
determining the adequacy of the organisation and resources to respond.
(ii) To identify deficiencies within existing regulatory frameworks including enforcement 
procedures, types of sanctions and levels of penalties imposed.
(iii) To help ascertain the adequacy of port reception facilities for ships' wastes and to 
remove any disincentives for their use.
Further details, with specific examples, are given in Tables A3.1, A3.2 & A3.3.
Environmental and safety management systems based upon proactive strategic positioning 
and self-regulation have generated additional information requirements on the part of 
industry associations, their members and other individual corporate stakeholder groups. In 
the context of the shipping and packaging sectors, numerous collective and individual 
initiatives have been introduced over the last 30 years in the field of marine pollution 
prevention and control. The aims of these voluntary undertakings is to anticipate and 
prevent further legislation being imposed and to promote best practice through the 
attainment of corporate goals, policy objectives or targets by various codes, guides, charters 
and related initiatives.
Recent developments include the means of more effectively managing environmental and 
safety risks through shipboard management systems utilising performance indicators. For 
example, the International Chamber of Shipping's (ICS) Code of Practice on Shipping and
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the Environment, launched in 1993, has provided an operating framework for member 
companies to improve their environmental performance by having in place management 
principles to effect such improvement (ICS, 1997). Similar approaches include the 
development of Formal Safety Assessments (FSA) and the International Management Code 
for the Safe Operation of Ships and for Pollution Prevention (ISM Code), which is now a 
mandatory requirement under the International Convention for the Safety of Life at Sea 
(SOLAS) Convention, 1974 (Bergmeijer, 1996).
In seeking long-term solutions to the marine litter problem, some packaging manufacturers 
have redesigned their products and established on-going environmental assessments to 
measure expected environmental benefits. An essential pre-requisite to this approach is the 
generation of representative and reliable information which enables end-users to act upon 
the information received and to monitor progress. An appropriate case study is identified 
in Table A3.3.
An increasing number of environmental non-governmental organisations (NGO's) are 
regularly mounting campaigns calling for enhanced levels of safety and environmental 
protection in shipping operations. An essential element in many of these campaigns, which 
are designed to raise awareness amongst other stakeholder groups, is some form of 
assessment of the general levels of vessel-source discharges to both coastal and oceanic 
waters. Source-specific information is required which clearly identifies the contribution of 
shipping to the overall levels of marine pollution, and trends over time. For example, the 
World Wide Fund for Nature (WWF) has recently extended its campaign to encourage the 
adoption and use of Pollutant Release and Transfer Registers (PRTRs) as a new tool to 
achieve reductions of marine pollution (Ball, 1996).
Therefore, against a background of marine environmental protection becoming a more 
important international issue requiring responses on the part of an increasing range and 
number of stakeholder groups, a work programme was formulated and implemented during 
the 1970's. This focused primarily upon long-term assessment studies of three vessel- 
source marine pollutants, of which packaged harmful goods and garbage were subjected to 
regulatory controls for the first time following the adoption of MARPOL 73/78. The 
required levels of long-term funding to support this work programme, which to date have
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exceeded £250,000, were secured under the auspices of the Tidy Britain Group (TBG) and 
the Advisory Committee on Protection of the Sea (ACOPS).
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4.0 DEVELOPMENT OF AN INTEGRATED REPORTING SYSTEM 
FOR VESSEL-SOURCE MARINE OIL POLLUTION
During the 1970's most measurements of oil in the UK marine environment were intensive, 
localised and short-term in the context of significant oil spills (Central Directorate on 
Environmental Pollution, 1979). Following a series of tanker-casualty spills, including the 
wreck of the Amoco Cadiz, there was renewed international interest in the prevention and 
control of marine oil pollution (Dixon & Dixon, 1976; O'Sullivan, 1978; Anon., 1979). 
For example, the Council of Ministers adopted in June 1978 the Action Programme of the 
European Communities on the Control and Reduction of Pollution Caused by 
Hydrocarbons Discharged at Sea.
In the United Kingdom the Central Unit on Environmental Pollution recommended that " a 
group comprising representatives of the oil, ports, shipping and central and local 
government interests should be set up to make proposals on the collection at both national 
and international levels of statistics and information on oil transportation and on spills 
including their causes and clean-up costs" (DoE, 1976, p!6). The RCEP noted the dearth 
of hard evidence on the subject of operational oil spills and discharges and consequently 
recommended that more work should be done to gather information about the sources of oil 
at sea (RCEP, 1981).
4.1 Research question
Therefore what was the feasibility of developing and applying an appropriate framework to 
facilitate the integration of available information on vessel-source oil pollution in the 
waters around the British Isles?
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4.2 Work programme
ACOPS has included information on UK marine oil pollution in annual reports since its 
foundation in 1952. Prior to 1978 information was derived from questionnaire surveys, 
and described reported pollution incidents at sea and ashore, primarily in England and 
Wales. When known, additional details included costs and methods used in clean-up 
operations and numbers of prosecutions and convictions obtained. Local authority 
associations, industry associations and wildlife protection organisations identified, and 
distributed questionnaires to, employees or other individuals with responsibility for matters 
related to oil pollution. Limitations of this data have been identified and discussed 
(O'Sullivan etal, 1981; Dixon, 1997).
After consultations with the DoE, objectives for a detailed and geographically 
comprehensive annual survey, encompassing all pollution sources, were identified as 
follows:
(i) To enable periodic overviews of coastal oil pollution, its origins, types of oil 
involved, degree of effort and cost incurred in dealing with it and identification of 
high risk areas.
(ii) To identify trends in severity of pollution and the degree of response over time.
(iii) To produce data assisting development of oil pollution prevention and contingency 
plans, thereby allowing the competent authorities to allocate resources where they are 
most needed.
(iv) To generate statistics linking the number, frequency and size of inputs to various 
causative and other factors and directing efforts to prevent and minimise marine oil 
pollution.
The author, with another member of an ACOPS workgroup, carried out all developmental 
stages of the annual survey (Anon., 1979). Since 1980, the author has been responsible for 
on-going revisions of survey methods and organisational frameworks, data analysis and
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production of annual reports published by ACOPS (for example; Dixon & Dixon, 1984; 
1996). Administrative assistance has been provided for distribution of questionnaires and 
production of annual reports.
4.3 Method of approach
The method of approach adopted by the workgroup was divided into two stages as follows:
(i) To review existing sources and types of data and to evaluate their validity for the 
purposes of meeting the required objectives;
(ii) To devise and apply an appropriate data collection and management system to 
integrate data from all relevant sources within a single reporting system, operating on 
an annual reporting cycle.
4.4 Existing sources and types of data
Difficulties experienced when sourcing and quantifying marine oil pollution have been 
discussed on numerous occasions in the published literature. These have been identified 
and summarised, with examples, in Table A4.1. The major problems encountered in the 
field have been attributed to progressive compositional changes occurring after oil has 
entered the sea, and concurrently, the effects of redistributive processes brought about by 
the interaction of physical, chemical and biochemical factors. Moreover, the nature of 
inputs vary considerably and may be insignificant, chronic or acute, continual or occasional 
(Cormack, 1983).
Therefore, for purposes of overall assessments a number of different approaches and 
measurement scales have been applied in practice. For each approach the predominant
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physical form of oil or oily residues is identified together with an appropriate measurement 
method, applications and major limitations (Table A4.1).
At point of source, estimates of actual volumes of accidental oil spills from tankers, 
combined carriers and barges are recorded on the ITOPF database. Statistical sub-sets have 
been calculated and published for particular geographical areas, including the North Sea, 
over different time intervals. Comparable statistics for accidental spills from other types of 
vessels are less readily available, and agreed estimates do not presently exist. Moreover, 
these inputs may pose significant problems locally as seepages of fuel oil from bunkers of 
sunken vessels, if not recovered, may occur over prolonged periods of time. An example 
is the World War Two wreck of HMS Royal Oak in Scapa Flow.
Estimates are also published periodically for operational oil discharge quantities from 
shipping within particular sea areas. The direct proportionality method employed requires 
detailed information on the sizes, numbers and trading patterns of all vessels operating 
within defined geographical boundaries, together with certain assumptions regarding 
operational practices employed. Statistics derived from these studies, whilst unsuitable for 
real-time reporting, provide a means of identifying expected discharge levels in relation to 
existing and future legal requirements. Further details are given in Table A4.1.
An alternative approach is to calculate total hydrocarbon concentrations (THC) utilising 
analytical detectors which are specific to defined ranges and types of compounds. 
Background oil concentrations and estimated equivalent standing stocks of oil in the water 
column from all sources have been calculated (for example; Read & Blackman, 1980; 
Fileman & Law, 1988). Vessel-source discharges, when quantifiable, have been found to 
make an insignificant contribution to the overall totals because of the relative quantities of 
oil involved and the non-localized nature of inputs.
Standing arrangements have been in force for many years obliging masters of ships and 
civilian and military pilots to report pollution at sea or improper discharges from ships 
(Anon., 1967; Written Answer, 1969; Lawson, 1970). The arrangements were formalised 
through established procedures under the 1983 regulations giving effect to MARPOL 73/78 
in the United Kingdom. As part of the Integrated Global Ocean System (IGOSS)
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guidelines were drawn up to standardise and facilitate sightings of oil slicks at sea from 
tankers and merchant vessels (Intergovernmental Oceanographic Commission, 1977). 
Problems encountered through repetitive reporting of the same oil slicks, but by different 
ships or aircraft, and misidentification (Worrall, 1970; National Audit Office, 1991) have 
been partially overcome by confirmatory observations. Difficulties have also been reported 
in differentiating between legal and illegal discharges. This method of assessment has 
provided a valid means of quantifying spatial and temporal trends in the frequencies of 
occurrence of vessel-source discharges in both coastal and oceanic waters, particularly in 
the vicinities of major shipping routes around the British Isles.
In addition to visual observations from ships and aircraft, instrumental remote sensing 
techniques have been developed and applied in aerial operations for the purposes of oil 
spill management and routine surveillance of shipping routes (Cormack, 1983). In UK 
waters the DTp began routine aerial surveillance patrols in April 1988. Flights have been 
organised in a random pattern around the coastline, with an emphasis on the areas with the 
highest density of shipping (Committee of Public Accounts, 1991). A number of 
constraints have been experienced in detecting and identifying vessels illegally discharging 
oil at sea, particularly under cover of darkness. Moreover, surface slicks and sub-surface 
oil have not been detected when wind speeds have exceeded 5-6 Beaufort (8.49-13.86 ms" 1 ) 
(Ijlstra, 1989; National Audit Office, 1991).
At the present time this method of assessment alone cannot be applied as the primary 
means of establishing the total level of minor pollution arising from vessel-source oil 
discharges at sea. It has been reported that in the North Sea the number of oil slicks 
detected per flight has changed little during the 1990's and therefore reservations have 
been expressed concerning the deterrent effect of routine surveillance flights (Andersen & 
Niilonen, 1995). Given these constraints, confirmed oil slick sightings in the open sea 
from all ships and aircraft operating around the British Isles still constitute the primary 
source of information for the purposes of systematic appraisals.
Reports of oil pollution incidents occurring in the tidal stretches of rivers, within port and 
harbour areas and the open coastline are generally investigated and confirmed or 
substantiated by the relevant authorities. Allocation of responsibilities for counter-
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pollution operations and other post-spill responses have been identified and reviewed 
(Anon., 1994). Assessments of sources, circumstances and extent of pollution are 
generally accurate and comprehensive and some details are regularly published.
Whilst detailed guidelines have been drawn up for standardised monitoring of tar residues 
on beaches (Intergovernmental Oceanographic Commission, 1984), larger scale visual 
estimates are subject to numerous sources of error. It has been shown, for example, that 
the accuracy of visual estimates is largely a function of the amount of time and effort spent 
to acquire the information, the uses for which the data is intended and the experience of the 
observer (Owens, 1987). Confirmed observations by the competent authorities constitute 
the most valid source of information for the purposes of systematic reporting.
In the United Kingdom systematic beached bird surveys commenced in 1966 and were later 
coordinated on a European scale using standardised methods of observation and recording 
(Bourne & Bibby, 1975; Bourne, 1976). The proportions of oiled birds to the total number 
of corpses found on beaches are interpreted as indicators of the scale of pollution in 
bordering seas and the effectiveness of measures to reduce it (Camphuysen & van 
Franeker, 1992). The underlying assumption is that oily water residues discharged in 
accordance with MARPOL 73/78 Annex I regulations can neither lead to pollution on 
beaches, nor to visible black oil in the feathers of birds (Dahlmann et al., 1994). Examples 
have been published, such as studies undertaken in the Orkney and Shetland Islands, where 
it has been demonstrated that policy measures to reduce pollution applied locally have 
been closely followed by lower oiling rates amongst beached birds (Hubeck, 1992). 
Details of influxes of oiled seabirds therefore provide a complementary source of 
information on marine oil pollution, although this may not be a direct relationship (Dixon 
& Dixon, 1977; National Research Council, 1985).
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4.5 Data acquisition and management system
Following a review of comparable scale data collection and management systems 
employed elsewhere, the existing ACOPS system was extensively revised and amended by 
the workgroup as follows:
(i) Additional and more specific data-fields were defined (Table 4.1).
(ii) A detailed self-completion questionnaire was designed (Table A4.2) and an 
accompanying set of guidelines compiled.
(iii) Larger-scale organisational frameworks and administrative schemes were devised 
and applied for the collection and analysis of data.
Major requirements of the questionnaire were that it should be applicable to oil pollution in 
its different physical forms, and integrate all available information from different data 
sources. In practice, minimum levels of resolution defined included the following:
(i) Obvious films or scattered oil lumps extending for distances of less than 1.6 km
along the shoreline, 
(ii) Irridescent films or silvery sheens observed on the water surface in the tidal stretches
of rivers, estuaries and the open sea.
(iii) Estimated pollution volumes in excess of 1 litre in confined docks or waterways, 
(iv) Any obvious influxes of oiled seabirds, whether dead or alive.
To identify experienced and qualified respondents, an administrative and organisational 
structure was devised by the workgroup in which questionnaires were distributed internally 
by each of 13 different reporting organisations. These are listed in Table A4.3, together 
with their respective sources of information and the numbers of completed questionnaires 
returned by each during the 1995 survey.
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1. Frequency of occurrence of reported incidents.
2. Frequency of occurrence of reported incidents by marine environmental zones.
3. Extent and amount of reported pollution.
4. Types of oil pollution reported.
5. Reported sources of pollution.
6. Reported circumstances and causes of pollution events.
7. Extent and frequencies of clean-up operations.
8. Methods and techniques employed in counter-pollution operations.
9. Reported fates of oil.
10. Effort and expenditure incurred in counter-pollution operations and other responses.
11. Rehabilitation and other responses by reporting organisations.
12. Prosecutions brought by the competent authorities in the United Kingdom and 
	actions taken by other flag states.
13. Reporting effort on the part of survey respondents.
Table 4.1: Main data-fields published in the ACOPS annual oil pollution survey 
reports since 1980.
Targeting respondents within different reporting organisations, and issuing guidelines to 
aid proper completion of the questionnaire, were the primary means employed to ensure an 
adequate degree of consistency in responses within, and between, annual surveys. These 
arrangements enabled the identification of individuals to verify information received, 
determine causes of non-response and provide any further details not available at the time 
of reporting, such as assessments of impacts of particular incidents, details of any 
compensation payments made or the outcomes of any legal proceedings initiated against 
alleged offenders.
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To achieve required levels of reliability and accuracy the following procedures are applied 
annually during data collection and management processes:
(i) Any unaccountable major discrepancies between responses by different reporting 
organisations for the same incidents are investigated, and corrective actions taken 
such as identification of local expertise.
(ii) The contents of completed questionnaires are cross-referenced with other sources of 
information for the same incidents, including vessel-casualty and pollution reports 
published in Lloyd's List.
4.6 Principal findings
The relative success of this approach can be objectively assessed from the overall response 
rates achieved and from the numbers of questionnaires fully completed and returned; for 
example, the 1995 statistics were compiled from 937 questionnaires or reports received 
with an overall response rate of 98% for those organisations dispatching and receiving 
questionnaires (Dixon & Dixon, 1996). From combined data submitted during the 1993 to 
1995 annual surveys 36.9% of reports referred to no pollution observed. Moreover, on 
those occasions when the accuracy of the ACOPS data has been independently evaluated, 
no major discrepancies were found following comparisons with the results from other 
studies such as ship monitoring airborne surveillance flights (Whittle et al., 1982; Cormack 
& Fowler, 1987).
Since 1979 annual survey results have been identified as the authoritative source of 
information on the incidence of UK marine oil pollution and published by the competent 
authorities (DoE, 1994). There has also been a growing demand for the information from 
other major stakeholder groups identified in Table A3.1; for example, from the DTp in 
presenting a case for designating North West European waters as a Special Area for 
MARPOL Annex I at the 39th session of the MEPC of the IMO (MEPC, 1996).
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The following general conclusions were drawn from statistics compiled by the author 
between 1993 and 1995 and published by ACOPS (Dixon & Dixon, 1994; 1995; 1996):  
(i) Discharges and spills from all types of vessels, including the disturbance of wrecks, 
constitute the largest category of incidents in which a source of pollution was 
identified between 1993 and 1995 (Table A4.4).
(ii) The annual number of confirmed tanker-source pollutions, which have occurred 
mainly in ports, have declined since 1993 (Table A4.4).
(iii) The majority of reported pollution incidents between 1993 and 1995 occurred in the 
open sea, followed by ports and harbours (Table A4.5).
(iv) The major sources of confirmed oil slicks in the open sea were attributed to 
accidental spills of crude oil during oil and gas exploration and production operations 
on the United Kingdom Continental Shelf (UKCS), and illegal discharges of fuel and 
lubricating oils from vessels operating in the North Sea and English Channel (Figs. 
4.1., 4.2. & 4.3).
(v) Fuel, bunker and other refined products were the most frequently identified types of 
oil pollution between 1993 and 1995 (Table A4.6).
(vi) Analysis of larger incidents (2 tonnes or more) attributed to vessel-casualties has 
shown that most were caused by fishing vessels in ports, nearshore waters and the 
open sea (Table A4.7).
(vii) The modal class for the most frequently reported volumes of pollution was <0.39 t 
(Table A4.8).
(viii) The "polluter pays" principle is not adequately applied to vessel-source oil pollution 
because of the difficulties experienced by the competent authorities in obtaining 
sufficient evidence to prosecute alleged offenders (Table A4.9).
T.R. Dixon 1997 Section 4 30
The principal findings from the 1993 to 1995 annual surveys indicated most vessel-source 
pollution incidents were attributed to two types of illegal discharges from non-tanker 
vessels. Firstly, generally minor accidental spills caused by human error during bunkering 
operations in ports and harbours. Secondly, deliberate discharges of fuel oils or sludges 
from machinery space bilges whilst vessels were underway in the open sea. In most 
instances pollution was quickly dispersed by natural processes, particularly in the open sea 
or tidal stretches of rivers. Obvious environmental effects from discharges, including 
damage to coastal amenities, were reported infrequently. Accidental spills during offshore 
oil exploration and production activities on the UKCS have become a major source of 
pollution in the open sea (Figure 4.4). However, the impact of these spills appear to have 
been considerably less than those predicted because of high natural dispersability of many 
North Sea crude oils.
4.7 Related and future research
Following a request from the Commission of the European Communities (CEC), ACOPS 
developed a centralised oil pollution reporting system for maritime member states. A team 
of three specialists, including the author, was appointed to complete a feasibility study 
examining the operational needs of the survey (O'Sullivan et al., 1981). Two 
questionnaire-based pilot surveys were also completed by the author during 1982 and 1983 
as part of the study (Wardley-Smith & Dixon, 1982; 1983; Dixon, 1985).
On 1 September 1996 the author commenced an 18 month study, commissioned by the 
Coastguard Agency, to undertake a more detailed long-term analysis of the ACOPS oil 
pollution statistics compiled since 1964. The aims of the study are to:
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Figure 4.1: The geographical distribution of reported oil pollution incidents 1993. 
(From: Dixon & Dixon, 1994).
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Figure 4.2: The geographical distribution of reported oil pollution incidents 1994. 
(From: Dixon & Dixon, 1995).
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Figure 4.3: The geographical distribution of reported oil pollution incidents 1995. 
(From: Dixon & Dixon, 1996).
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(i) Ascertain longer term trends in smaller incidental and operational oil discharges to 
sea from ships and other sources;
(ii) Define; from the trend analyses relevant and appropriate performance indicators for 
use by the competent authorities in monitoring progress in preventive efforts; and
(iii) Develop a risk assessment model for beach pollution incidents around the UK 
coastline.
A prioritised work programme was defined in the form of 14 data-fields, listed in Table 
4.2, and requiring analyses of comparable and complementary statistics compiled since 
1964. Performance indicators will be constructed to meet the general needs of major 
stakeholder groups. These will include quantitative and qualitative means of measuring 
progress, setting targets, facilitating benchmarking against best practices and demonstrating 
any gaps between rhetoric and reality (Dixon, 1997).
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1. Frequency of occurrence of reported oil spills.
2. Frequency of occurrence of oil spills by marine environmental zones.
3. Extent and amount of reported pollution.
4. Types of oil pollution reported.
5. Reported sources of pollution.
6. Reported circumstances and causes of oil spillages.
7. Extent and frequencies of clean-up operations.
8. Methods and techniques employed in clean-up operations.
9. Reported fates of oil.
10. Effort and expenditure incurred in clean-up operations and other post-spill responses.
11. Rehabilitation and other post-spill responses by reporting organisations.
12. Prosecutions brought by the competent authorities in the United Kingdom and 
	actions taken by other flag states.
13. Reporting effort on the part of survey respondents.
14. Nature and degree of pollution threat.
Table 4.2: List of data-fields defined for the long-term analysis of oil spill statistics. 
(From: Dixon,1997).
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5.0 DEVELOPMENT OF ASSESSMENT METHODS FOR 
INCIDENTS INVOLVING PACKAGED 
DANGEROUS/HARMFUL GOODS LOST AT SEA
In the aftermath of the wreck in 1967 of the Torrey Canyon, increasing attention was 
directed towards the potential problems encountered in responding to vessel-casualties 
involving other noxious or hazardous substances, notably pesticide cargoes (Select 
Committee on Science and Technology, 1968). Following a number of comparatively 
minor incidents around the British coastline, the DoE advised local authorities, in Circular 
201/74, to extend their oil pollution contingency plans to include chemicals washed ashore 
(DoE, 1974). Corresponding advice was issued by the Welsh Office and Scottish 
Development Department. In planning required response systems, priority was given to 
safeguarding human health followed by environmental protection.
In a report submitted to the DoE, and later the RCEP, the Isle of Wight County Council 
documented for the first time actual safety hazards arising from individual, or small 
numbers of, unmarked chemical packages arriving on the island's beaches during the 
winter of 1976/77 (Horsnell, 1977). A series of incidents in which packaged chemical 
cargoes were lost off the Dutch coast during the latter half of the 1970's prompted greater 
interest in this type of marine pollution. The substances included the IMDG Code Class 2 
gases ethylene oxide (flammable & poisonous) and chlorine gas (marine pollutant), and the 
Class 8 corrosive sulphur dichloride (Koops, 1988). Given the nature of the seaborne 
chemical package trade, which involves many thousands of different substances, a demand 
for more information on all aspects of accidental cargo losses has been documented from 
1972 to the present day (Anon., 1972c; Horsnell, 1980; Peet, 1984; GESAMP, 1990; 
Johnston el a/., 1994; Law, 1994). Interests of the relevant stakeholder groups regarding 
this issue have been identified in Table A3.2.
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5.1 Research question
Against a background of an increasing need to more effectively address safety and 
environmental threats posed by chemical cargoes lost at sea, the research question was to 
establish more precisely the nature and extent of problems attributable to goods in 
packaged form. Additionally, to develop a suitable framework to facilitate an on-going 
evaluation of the effectiveness of existing or future preventive controls at all points in the 
packaging and transportation chain of these substances.
5.2 Work programme
After securing funding from ACOPS and TBG, a work programme was drawn up by the 
author in 1978 with the following objectives:
(i) To develop and apply relevant data collection and management systems to determine 
the nature of packaged chemical incidents affecting the nearshore waters and the 
coastline of the British Isles.
(ii) To identify and quantify the likely sources of such materials, including those other 
than shipping accidents, and to classify incidents according to the types and 
quantities of substances involved and their respective hazards.
(iii) To review remedial responses on the part of the competent authorities and highlight 
any problem areas.
5.3 Method of approach
To reach the work programme's objectives the author designed and applied a two stage 
method of assessment as follows:
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(i) Collection and analysis of information from published and other sources describing 
major incidents.
(ii) Collection and analysis of data drawn from predominantly unpublished sources 
describing minor incidents over selected time-intervals.
Major incidents were defined as those caused by losses of substantial quantities of 
chemical cargoes from ships operating around the British Isles, necessitating a co-ordinated 
response by the authorities in the form of search, recovery or other operations. Examples 
of major incidents occurring since 1972 are listed in Table A5.1. The primary sources of 
information identified were HMCG reports, casualty or pollution reports published in 
Lloyd's List (for example, Anon., 1988) and incident reports published by local authorities 
(for example, Horsnell, 1980; Murray, 1982).
Minor incidents were characterised as those occurring continually, in which single or small 
numbers of often unmarked packages were recovered on beaches or from nearshore waters, 
without advance warning. Questionnaire-based surveys were applied to collect data on 
minor incidents as follows:
(i) England & Wales, 1 September 1982-31 August 1983 (Dixon & Dixon, 1985; 
1986).
(ii) United Kingdom, 1 October 1991-30 September 1992 (Dixon, 1992).
Local authority associations, conservation and amenity groups, industry associations and 
other organisations identified, and distributed questionnaires to, employees or other 
individuals with responsibility for matters concerning hazardous materials recovered in 
nearshore waters or on beaches. When contents of packages were identified as dangerous 
or harmful substances, detailed information was requested concerning inter alia, package 
types, markings, origins and costs incurred in clearance and disposal operations. The terms 
of reference of both surveys also included other potentially hazardous materials, such as 
clinical wastes, military and civilian pyrotechnics and explosives ordnance originating 
from different sources. A copy of the questionnaire employed in the 1991/92 survey is
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given in Table A5.2, and primary and secondary organisations contributing information are 
listed in Table A5.3. In practice, most detailed information was derived from operational 
log entries made by local authority personnel with responsibility for identification and 
disposal of suspicious packages reported on beaches.
5.4 Principal findings
The data collection and management systems applied by the author produced reliable and 
valid data subject to the constraints, and other limitations identified (Dixon & Dixon, 1985; 
1986; Dixon, 1992). The strengthening of preventive and precautionary measures, and 
their enforcement procedures, summarised in Table A 1.1, have apparently led to a 
reduction in major chemical incidents around the UK coastline. However, the authorities 
have experienced some recurring problems during search, recovery and related operations. 
These have been identified and summarised in Table A5.4, and later reported 
independently elsewhere (Peet, 1988). For example:
(i) Inaccurate or delayed information on the nature and hazardous properties of lost 
cargoes (Forum Hope, 1984 & Nordic Pride, 1991).
(ii) Damage to packages following immersion in the sea causing leakages of contents 
(Dana Optima, 1984 & Sherbro, 1993).
(iii) Recovery of packages without required markings and labels (Aeolian Sky, 1979 & 
Fathulkhair, 1990).
In addition, the practice of handling and shipping dangerous/harmful substances in larger 
primary receptacles or transport units, and secondary transport units such as dry freight 
containers, has led to correspondingly greater safety and environmental risks following 
accidents (Dixon, 1989a; 1989c; Norfolk Standing Emergency Services Working Group, 
1991; Law, 1994).
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The contents of suspicious packages reported during the two questionnaire surveys of 
minor incidents have been previously identified (Dixon & Dixon, 1985; 1986; Dixon, 
1992). Details of substances subsequently found to possess dangerous properties in the 
1982/83 survey, and dangerous/harmful properties in the 1991/92 survey, following the 
classification of marine pollutants, are given in Tables A5.5 - A5.12 inclusive.
Following comparisons between the 1982/83 & 1991/92 survey results the following broad 
conclusions were drawn from the data:
(i) Fewer packages were found to contain dangerous/harmful substances during the 
1991/92 survey, with a 63% reduction in England & Wales (Table 5.1).
(ii) By their primary hazardous properties, the apparent reductions were most marked for 
flammable liquids, oxidising substances or agents and corrosives (Table 5.2).
(iii) Potential safety hazards posed by the recovered substances, defined by reference to 
IMDG Code Packaging Groups and the numbers of packages classified in each 
group, declined between surveys (Table A5.13).
(iv) There was no evidence to demonstrate any noticeable improvements in required 
marking and labelling standards between surveys, indicated by the relative 
proportions of packages with clearly visible MDG Code Hazard Class labels (Table 
5.3).
5.5 Future research
Further studies will be undertaken by the author to determine any significant changes 
attributable to recent and future developments. These include amendments to the IMDG 
Code, strengthening of ship reporting requirements and the adoption of the International 
Convention on Liability and Compensation for Damage in Connection with the Carriage of 
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application of survey results in the form of performance indicators for the chemical and 
shipping industries, following initial definition of relevant parameters (Dixon, 1994). 
Attention will also be given to assessments of operational discharges arising from 
transportation of chemical cargoes in bulk form. This is because of more frequent reports 
of residues observed on beaches and on the plumage of seabirds (Camphysen & van 
Franeker, 1992). Previous assessment methods used to study munitions in British coastal 
waters (Dixon & Dixon, 1979; Dixon, 1992) will be repeated to determine any future 
differences from past trends.
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6.0 DESIGN AND APPLICATION OF ASSESSMENT STUDIES TO 
MEASURE VESSEL-SOURCE MARINE LITTER
An obvious impact of marine litter is aesthetic degradation of coastal amenities, 
particularly beaches used for leisure and recreational purposes. When setting a 1971 
objective for clean coastal waters and beaches for sport, recreation and amenity, the 
Secretary of State for the Environment called for adequate information to support 
necessary improvements (Anon., 1972a). Some coastal local authorities, especially in 
southern England, responded to increasing amounts of marine litter by extending routine 
cleansing operations outside the bathing season (Clark, 1987). The marine litter issue was 
also addressed by the RCEP which noted substantial costs incurred in beach cleaning 
operations (RCEP, 1984; 1985). Consequently, the Government "recommended voluntary 
compliance with the provisions of Annex V of MARPOL, pending its entry into 
force"(DoE, 1984, pi2).
6.1 Research question
The early 1970's research question was the feasibility of designing and applying methods 
to assess different sources of marine litter, in particular amounts attributable to 
uncontrolled discharges of garbage from all types of vessels operating in waters around the 
British Isles. Major factors to be considered included assessment strategy types, field 
sampling designs, measurement scales and analytical techniques. An objective means of 
measuring expected accumulations of plastics wastes in coastal and oceanic waters was 
also required.
6.2 Work programme
With support from TBG, the author initiated a Marine Litter Research Programme (MLRP) 
during 1973 in response to increasing stakeholder concerns, which have previously been 
identified in Table A3.3. Initial objectives of the programme were to:
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(i) Generate accurate and representative statistics from standardised methodologies and 
analytical techniques showing major sources of marine litter over varying spatial and 
temporal scales.
(ii) Assess major trends concerning quantities, sources and types of marine litter in 
relation to the strengthening of national and international controls.
(iii) Determine rates of accumulation of plastics wastes in coastal and oceanic waters 
around the British Isles, and measure any major changes over time.
After careful consideration of different assessment strategy options available, the author 
selected a beach focused programme as a primary means of investigation. Relative merits 
of the different options, including at-sea programmes and characterisation of the dynamics 
of shipboard generated solid waste streams have been discussed elsewhere (Dixon, 1989b; 
Dixon & Dixon, 1981b; Horsman, 1982; National Academy of Sciences, 1975b; Ribic et 
al., 1992). The chronology of major stages in the MLRP is outlined in Table A6.1, 
together with primary aims and methods of approach adopted.
During the early 1970's there were few references in the published literature describing 
systematic studies of marine litter. Therefore pilot studies were carried out by the author in 
a representative study area, situated on the shores of the Dover Strait, to develop beach 
survey techniques and analytical methods. Containers were selected as suitable indicator 
items to identify major sources and subsequent movements of vessel-source marine litter. 
Technical support networks were established with packaging and product manufacturers 
globally for the purposes of utilising container markings and other characteristics to 
determine their life-histories; for example, the countries or larger geographical areas in 
which containers were manufactured or marketed, fabrication materials and relative or 
absolute ages (for example, Fishman, 1994). The information presented in Tables A6.2 & 
A6.3 and Plate 6.1 demonstrate the application of this method of enquiry to container 
samples recovered on the shores of the English Channel and North Sea.
Having selected a realistic and practical assessment strategy, and designed a set of 
measurement methods and analytical techniques, the author applied them in beach surveys
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elsewhere to determine their validity under different conditions. Volunteers recorded 
details of all containers found in beach transects at 797 different sites around the coastline 
of the United Kingdom. In addition, three study areas were delineated on the shores of the 
English Channel, North Sea and North Atlantic Ocean. Each was selected using common 
criteria, primarily close proximity to major shipping routes and fishing grounds, open 
coastal conditions, presence of predominantly sandy beaches and frequent onshore winds. 
Sampling intervals were chosen following periods of onshore winds and avoided any 
substantial presence of bathers or other beach users and their litter. In total, measurements 
were taken from litter samples examined on 130 sampling units by the author and field 
assistants.
To provide further information on movements and fates of plastics containers discharged at 
sea, the author made a major contribution to the design and application of 6 surface drift 
experiments. A total of 2,180 sealed bottles was released at dropping points across the 
North Sea, Strait of Dover, English Channel and Irish Sea between April 1979 and August 
1981 (Table A6.4). To aid recovery a robust transparent polyvinylchloride (PVC) bottle 
design was selected (Fig. 6.1) with clearly visible overprinted text (Plate 6.2). In addition, 
the author assisted in the design and application of an open-water sighting marine litter 
survey in representative areas of the North Sea. A strip-transect survey design was 
employed to generate data showing the composition and densities of floating litter.
Following a detailed review by the author of knowledge and experience gained from 
previous studies, and in anticipation of the entry into force of the regulations contained in 
Annex V to MARPOL 73/78, the programme's objectives were revised. This required 
beach survey data of specific types of litter organised in an appropriate time series to 
document improved waste disposal practices at sea. Consequently, a national ocean- 
focused vessel-source beach litter assessment study was designed by the author utilising 
comparisons of paired data sets compiled from observations on the same sampling units.
Between 1980 and 1987, prior to the entry into force of the MARPOL 73/78 Annex V 
regulations, baseline or "before" data sets were taken from beach litter measurements on 
185 sampling units organised in 7 study areas around the shores of the British Isles.
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Plate 6.1: Year of manufacture and other attributes for selected bottles in the 
packaging life-history of a dishwashing liquid product.
Plate 6.2: Surface drift bottle with overprinted text.
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Following the entry into force of Annex V on 31 December 1988, corresponding "after" 
data sets were compiled from a second set of identical measurements taken on the same 
sampling units by the author and field assistants. The time intervals between the "before" 































Food Grade PVC (Impact Modified) 
24 mm R4 
Clear(1278) 
30.5 g
Figure 6.1: Specification for surface drift bottles, (excluding 5.5 g Melinex 1.5 mm 
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6.3 Principal findings
Overall, survey and sampling designs and associated field measurements applied were 
found to generate data of sufficient volume and accuracy for the purposes of fulfilling the 
required objectives. The selected enumeration scales and sampling attributes achieved 
required levels of resolution in relation to effort and cost constraints. It was therefore 
possible from various aggregations of data, to construct statistically verifiable hypotheses 
to identify significant differences between the observed compositional elements and 
quantities of marine litter.
The following conclusions were drawn from the results of the pilot studies and larger 
geographical scale surveys completed on the shores of western Europe from 1973 to 1980:
(i) Continuous and widespread inputs of post-consumer primary packaging and other 
solid wastes to coastal and oceanic waters were evident, and corroborated from a 
ship-sighting survey of surface floating litter in the North Sea (Table 6.2).
(ii) Following spells of onshore winds wastes were subsequently deposited on beach 
faces, and highest standing stock mean weight values were recorded on West Jutland 
sampling units (Table 6.2).
(iii) Containers, notably high density polyethylene (HDPE) lavatory cleanser and 
household cleaner bottles, glass spirits bottles, metal drums or receptacles fabricated 
from other materials and filled with petroleum products, aseptic laminated or 
paperboard milk and fruit juice cartons and wooden or plastic fish boxes, were 
numerically abundant items of beach litter in all study areas (Table A6.5).
(iv) Analysis of container markings showed a majority of identified specimens collected 
on sampling units in each study area (except UK national survey) were foreign in 
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(v) Application of two dating techniques to container samples, with known life-histories, 
indicated a majority were current production types or less than 3 years old when 
recovered on sampling units in each study area (Tables 6.2 & A6.7).
(vi) Operational discharges of garbage to sea from merchant shipping and other vessels, 
operating in the coastal and oceanic waters of western Europe, were therefore 
identified as the primary source of the standing stock of marine litter.
Results from 6 surface drift experiments showed large scale differences in the timing of 
recoveries on European shores, although most first arrivals occurred within 10 days of 
release (Table A6.8). Recovery rates were usually greater than 40% for each release batch. 
Comparisons of observed and expected tracks of first arrivals confirmed that wind was the 
main factor influencing direction of drift at estimated rates ranging from 2.3% to 26.4% of 
mean wind speed in the direction of the wind. However, in some nearshore waters strong 
tidal streams appeared to reduce the influence of the wind factor. In practice, therefore, 
sealed plastics containers discharged from ships in confined waters such as the English 
Channel could be stranded on beaches within several days or less. The ship-sighting 
survey showed that plastics wastes, especially bottles, cups and sheeting were the litter 
types with the most widespread distribution and highest densities in the North Sea.
Comparisons between the paired data sets for two Scottish study areas provided the first 
opportunity to:
(i) Assess levels of compliance with the MARPOL 73/78 Annex V regulations, with 
particular reference to the effectiveness of Regulation 3(1 )(a), which from 31 
December 1988 prohibited the disposal of shipboard generated plastics wastes 
anywhere at sea (Table Al.l).
(ii) Identify other major long-term changes in the composition and quantities of marine 
litter observed on sampling units.
The dates of sampling intervals are given in Table 6.1 and locations of study areas and their 
respective sampling units are shown in Figure 6.2.
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Subject to methodological limits and other constraints identified, there was no evidence 
from the field data to demonstrate any measurable compliance with the MARPOL 
regulations for vessels operating in the waters adjacent to both study areas. Analysis of 
plastics litter weight values on sub-sampling units (Tables A6.9, A6.10 & A6.ll), and 
plastics container counts on sampling units (Tables A6.12 & A6.13), showed no 
statistically significant reductions between sampling intervals. The same conclusion was 
drawn from the binary frequency data for occurrence of non-container types of plastics 
litter on sub-sampling units, which is summarised in Table A6.14 & Figure 6.3.
Further investigation of original contents and types of plastics containers showed 
disproportionately larger numbers of polythene terephthalate (PET) beverage bottles, 
HDPE household cleaner and outboard motor oil bottles on sampling units during "after" 
sampling intervals (Tables A6.15 & A6.16). Direct measurements from dating of plastics 
container samples indicated a majority had been manufactured after the entry into force of 
the MARPOL regulations, and therefore had been discharged at sea illegally (Table A6.17).
Analysis of markings indicating geographical origins of plastics containers located on 
sampling units showed they had been manufactured and marketed in 27 maritime states 
throughout the world, and a majority were foreign in origin (Table A6.18). However, a 
major difference between combined "before" and "after" frequency distributions was an 
increasing proportion of specimens manufactured and marketed in North America, notably 
Canadian home market outboard motor oil bottles (Fig. 6.4).
The increasing prominence of plastics in litter samples could not be adequately explained 
by an increased rate of accumulation of these materials at sea or ashore between sampling 
intervals. No significant differences were apparent between observed ages of bottles for 
the same product brands between sampling intervals. The relative dating method (n = 984) 
showed similar proportions of bottles in "before" and "after" samples were current 
production types (Table A6.19). The absolute dating method (n = 280) indicated the modal 
class in each of the "before" and "after" bottle samples, for the same product brands, was 
2-3 yr with no overall cumulative dissimilarity between age-class frequency distributions 
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plastics wastes (Fig. 6.5) reflected the greater use of these materials in packaging between 
sampling intervals.
The published results from different stages of the MLRP have been employed by some 
major stakeholder groups listed in Table A3.3. For example, by MEPC concerning Annex 
V to MARPOL 73/78, and by the Code of Practice Advisory Group in the implementation 
of section 89 of the Environmental Protection Act, 1990 (DoE, 1990).
6.4 Current and future research
The paired data sets taken from remaining study areas are presently being analysed by the 
author, the findings to be published later utilising the combined data to identify national 
trends. A third cycle of surveys will commence in 1999 and completed throughout the 
following decade. The results will facilitate an assessment of the benefits derived from the 
proposed extension of the present North Sea Special Area for the purposes of MARPOL 
73/78 Annex V, to include all North West European waters, and an associated UK 
requirement for ports to produce formal waste management plans (MSA, 1996). Data sets 
and other information prepared by the author will be presented to the MO by the UK 
Government to help justify the case for the extended special area.
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7.0 CONCLUSIONS
7.1 Introduction
In this section some broad conclusions drawn from the research are presented. Firstly, 
major developments in assessment methodologies for the specified marine pollutants are 
examined. Secondly, selected assessment methodologies are evaluated in terms of their 
effectiveness in influencing policy formulation and changes in actual pollution levels. 
Finally, the section concludes by defining broad objectives for future research.
7.2 Developments in assessment methodologies
Over the last three decades a considerable amount of research effort has been directed 
towards developments of marine environmental protection strategies. For the purposes of 
monitoring progress and facilitating more environmentally sensitive management practices, 
different approaches have been adopted to assess vessel-source marine pollution.
Impact studies have identified lethal and sub-lethal effects attributed to operational and 
accidental discharges from shipping, particularly at species level. Improved understanding 
of population dynamics of threatened species has often shown, however, that these effects 
are not significant in the long term compared with natural mortality factors such as food 
availability. In the case of British seabird populations, for example, little evidence has 
been published identifying any long-term threats posed by chronic or acute oil pollution 
from shipping or other sources, including offshore oil exploration and production activities. 
Moreover, studies completed by the author have questioned underlying assumptions 
concerning the value of beached bird surveys in determining the impact of oil pollution 
upon seabirds.
Another assessment approach has utilised estimated amounts, sources and distributions of 
both legal and illegal operational discharges from shipping. Major constraints of this
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methodological approach applied to pelagic tar and other debris were identified by the 
author. In addition, risk assessment models have been widely developed to predict 
occurrences and consequences of accidental oil spills. The limitations of some of these 
models became evident after they failed to accurately predict fates of large oil spills caused 
by the grounding of the tanker Braer and a pipeline fracture and well blow-out in the North 
Sea's Piper, Claymore and Ekofisk fields.
More recently, regulatory authorities have placed greater emphasis on enforcement of 
discharge limits for shipping operating in international waters. Improved analytical and 
measurement methods have therefore been developed and applied to identify specific 
sources of illegal discharges. The application of instrumental remote-sensing techniques 
during dedicated airborne surveillance flights over shipping lanes has identified more 
accurately volumes and types of illegal oil discharges. Further advances are expected from 
the utilisation of satellite imagery in surveillance activities. A feasibility study is presently 
underway to establish an oil spill database system using imagery from the Canadian 
Radarsat satellite. Two further promising approaches are advanced chemical 
fingerprinting of petroleum hydrocarbons and development of active tagging systems 
applied to oily wastes, liquid cargoes and bunkers.
With the passage of time the ACOPS oil pollution survey methodology has proven 
sufficiently robust to incorporate and integrate data derived from improving assessment 
methods outlined previously. It has proven more challenging to generate similar robust 
statistics for garbage discharges from shipping primarily because of difficulties 
encountered in designing suitable sampling strategies and survey methods. The author has 
therefore contributed to the design of more refined statistically-based survey designs and 
analytical methods which clearly identify major sources of marine litter and changes over 
time.
7.3 Effectiveness of assessment methodologies
Following commencement of the research outlined previously a strong international 
scientific and political lobby has emerged which has become increasingly effective in
T.R. Dixon 1997 Section 7 63
drawing attention to marine protection issues. The author's research findings have 
contributed to this movement, improving our state of knowledge about sources, levels, 
fates and effects of vessel-source marine pollution in the waters around the British Isles. 
The findings have, in turn, been considered by policy makers and marine managers in 
formulating and evaluating preventive and control management strategies, developing 
appropriate organisational and operational response mechanisms and defining achievable 
environmental quality standards.
A major benefit derived from the author's work on marine oil pollution has been to allow 
policy makers to look at the subject a whole and to review the various components of the 
problem in proper relationship with each other. Statistics showing volumes and types of 
operational oil discharges from shipping at sea, and comparisons with beach pollution 
incidents, have provided guidance in evaluations of the effectiveness of discharge limits to 
protect coastal amenities. Since the late 1970's, for example, progressive tightening of 
discharge limits, particularly for cargo wastes from tankers, has resulted in a marked 
reduction of beach pollution incidents reported in the United Kingdom.
Long-term effectiveness of enforcement actions applied by UK authorities have also been 
determined by the author from ACOPS data. The major impact of dedicated airborne 
surveillance flights introduced during the late 1980's has been improved detection of 
smaller oil slicks. However, the identification rate of offending vessels in the open sea has 
declined since the flights were introduced. Authorities have therefore concluded that if 
overflights are to become an effective deterrent the number of hours flown will have to be 
greatly increased.
Analyses of ACOPS statistics have also identified a limited deterrent effect of prosecutions 
for oil pollution offences due to generally low levels of fines imposed. Policy makers have 
responded by increasing maximum levels of penalties imposed by Magistrates' Courts and 
by including MARPOL 73/78 requirements in port state control inspections of foreign 
vessels.
The main conclusions drawn by the author from TBG studies highlighted difficulties in 
organisational and operational aspects of pollution control. In retrospect, actual operation
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of Conventions drafted in simple legal terms were found to be difficult to operate in 
practical terms. Analysis of causes for observed deficiencies in marking and labelling 
requirements for packaged dangerous and harmful goods identified failures at all stages in 
the packaging and transportation chain.
Policy makers therefore, operating under the auspices of the IMO, established procedures 
to ensure that contents of packages were properly identified before carriage by sea. In 
addition, new standards were introduced to ensure improved durability of packagings and 
their labelling systems when exposed to marine environmental conditions. To combat 
general ignorance of regulations a general education programme was introduced which 
targeted shippers, packers, hauliers and manufacturers of the goods.
Implementation of Annex V to MARPOL 73/78 provides another example of practical 
difficulties encountered in meeting apparently simple legal requirements. The regulations 
were adopted in the Convention without clear scientific and technical understanding of 
practical means of implementation. The TBG studies have therefore been drawn upon 
extensively by the IMO and national administrations to provide a clearer understanding of 
types and sources of garbage discharged at sea.
The author's research findings were also examined by the Code of Practice Advisory 
Group when drafting the Code of Practice on Litter and Refuse under Part IV of the 
Environmental Protection Act 1990. Whereas cleanliness standards were defined for all 
other environmental zones, a broad objective only was given for amenity beaches which 
was to keep such beaches predominantly free from litter and refuse during the bathing 
season. This was because the Advisory Group noted the author's reservations concerning 
the practicalities of removing substantial quantities of marine litter from beaches within 
any reasonable time period during persistent spells of onshore winds.
7.4 Future research
Sustainable development requires an integrated strategy to protect the whole environment 
and not just one compartment. Policy makers should consider all alternatives and options
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for disposal of wastes in which the marine environment is not considered in isolation from 
all others. In order to select the best practicable environmental option further research is 
required to more fully understand significant environmental effects arising from disposal of 
shipboard generated wastes ashore as well as at sea.
The introduction of environmental and safety management systems in the shipping and 
packaging sectors is discussed in section 2. This approach to attainment of environmental 
protection goals is becoming more important with a move away from command-and- 
control towards incentive-based regulation and increasing adoption of voluntary initiatives 
at corporate level. Transparent and credible performance indicators are therefore required 
to: provide quantitative and qualitative means of measuring progress; set appropriate 
targets; facilitate benchmarking against best practice and demonstrate any gaps between 
rhetoric and reality.
For vessel-source marine pollution, performance indicators could be constructed which 
address significant changes in long-term threats or hazards posed to wildlife and coastal 
amenities, impact of improved procedures or operations on amounts or types of discharges 
and success of preventive measures and enforcement actions. Given the disproportionately 
large influence of public perceptions of environmental degradation upon the regulatory 
process, performance measures are required which are based upon direct rather than 
indirect experiences of marine pollution.
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ADVISORY COMMITTEE ON PROTECTION OF THE SEA - OIL POLLUTION SURVEY 
REPORT OF OIL POLLUTION INCIDENT OR OF CHRONIC OIL POLLUTION
1.NAME OF REPORTING ORGANISATION OR AGENCY: FOR ACOPS USE ONLY 
Questionnaire No. .... 
Incident No. ........
2. Does this report describe:
1 . A pollution incident
2. Chronic pollution










Open sea beyond territorial 
limits. Distance from coast
(if known). ....... miles
Tidal river or estuary





9.From whom did you hear about 
oil pollution:-__________
the
3. When did pollution occur:- 
(please either insert exact 
dates or mark the months)




4. Position or location of oil pollution
Lat./Long. Or Nat. grid coordinates if known




7. Length of time pollution remained:
At sea. .......... .days/weeks
On shore. ......... days/weeks
Not known




5. Vessel at sea
6. Local wildlife group or 
conservation society____
7. Individual or group of 
tourists/sightseers_____
8. Oiled birds washed ashore




8. Intensity or degree of pollution:
On Water
1 . Oily film, scattered 
blobs or lumps
2. Slick up to 3 metres 
(10') wide
3. Several slicks as 
above; or big slick 100 
metres (300') extent
4. Large slick, 100 
metres to 1.6 km (1 mile) 
in extent
5. Very large slick over 
one mile in extent
0. Not known
On Shore
Oily film, scattered blobs 
or lumps
Oily band up to 1 metre 
wide
Band of oil several metres 
wide, or large patches all 
over the shore
Very thick band of oil; 
exposed shore 50% to 
80% covered
Shore totally covered 
with oil
Not known







3. Disturbance of wreck




8. Sewer or outfall
9. Other
10. Not known
11. Name of vessel, platform, or other source (if applicable)
Not known
Table A4.2: Questionnaire employed in the ACOPS annual survey of oil pollution in 
the waters around the United Kingdom.
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12. Operation in progress/circumstances of spill
1 . Loading cargo
2. Discharging cargo










13. Cause of oil spillage
1 . Failure or defect in hull or tank
2. Hose failure
3. Loading arm failure
4. Valve left open
5. Leaking valve
6. Other equipment/material failure
7. Poor design of equipment
8. Improper/ineffective procedure
9. Lack of supervision
10. Operator inattention
1 1 .Lack of communication
12. Other human element/error
0. Not known
1 4. Type of oil
1 . Fresh crude oil
2. Viscous soft lumps
3. Weathered hard lumps
4. Chocolate mousse
5. Fuel or bunker oil
6. Other petroleum spirit
7. Vegetable/animal/edible oil
8. Presently being identified
0. Not known
1 5. Amount of oil spilled
Insert actual/estimated/suspected* amount 
where known. ...................
(specify 
"delete as appropriate. Not known
17. Zone or location cleaned
units)
1 . Water surface





18. Clean-up methods used
1 . No cleaning action taken
2. Manual or mechanical pick-up
3. Physical/chemical containment
4. Recovery of oil on water
5. Hosing, washing with water
6. Use of dispersants"
7. Sinking agents used
8. Oil burned at sea/ashore
9. Other methods. .......
0. Not known
'Insert actual amount of dispersant 
used if known. ........... litres
19. Fate of oil
/gallons
1 . Natural breakdown
2. Burned at sea/ashore
3. Dispersed or sunk at sea
4. Dumped or buried ashore
5. Resold or rerefined
6. Other. .........
7. Not known
1 6. Extent of clean-up operation or of natural dispersion of oil
1 . Complete clean-up undertaken; area now free of oil
2. Partial clean-up: remainder of oil removed completely by natural agencies
3. Partial clean-up; some oil still remaining
4. No clean-up action: oil completely removed by natural agencies
5. No clean-up action: some oil still remaining
Table A4.2 continued.
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Other marine animals affected
Not yet determined
Not known
22. Rehabilitation measures undertaken
1 . None required or carried out
2. Coastal amenities reinstated





21. Effects on Wildlife
Seabirds










Damage to seashore plants and animals
4. No damage
5. Slight; animals 'knocked out' but few deaths
6. Medium; death of a number of species in a small area
7. Severe; death of a number of species over a large area
8. Biologically sensitive areas affected
9. Habitat adversely affected by clean-up operations 
(details if known can be added under question 31)












No other action taken
Oil slick tracked/position noted









24. Approximate man-hours spent in clean-up/ 
rehabilitation if known. ...............
25. Approximate direct or identifiable costs of:
1. Clean-up action £...........
2. Rehabilitation £...........
3. Other action £...........
4. Materials consumed £...........
0. Not known
26. Indirect additional costs such as time of employees engaged in clean-up/supervision/reporting 
etc. £..............
27. Approximate gross total cost incurred by
1. Your own organisation £. .
2. Others, if known (specify).
Table A4.2 continued
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28. Costs so far recovered from. ............ (specify source) £.
Costs still to be recovered from. .......... (specify source) £.
29. Nett expenditure estimated for this incident £.
30. Constraints, limitations or difficulties faced in clean-up or other action
Your comments above will be kept confidential if you so indicate
31. Any other comments or additional points you wish to make




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T.R. Dixon 1997 Appendix 115
ADVISORY COMMITTEE ON PROTECTION OF THE SEA
Survey of packaged dangerous goods and other hazardous 
items or substances found in UK waters and on beaches
1 OCTOBER 1991 - 30 SEPTEMBER 1992 
GUIDANCE NOTES
The survey is teing undertaken with the assistance of The Tidy Britain Group to discover the types and 
quantities of hazardous substances or items recovered at sea and on beaches, to ascertain any problems 
encountered by public agencies in handling and safely disposing of these materials, and to help assess 
the associated risks to beach users and those engaged in the exploitation of marine resources.
It is organised in 2 parts, in which respondents are requested to complete and return separate
questionnaires at 6 monthly intervals;
from 1 October 1991 to 31 March 1992 (returned to ACOPS by 30 April 1992), 
and 1 April 1992 to 30 September 1992 (returned to ACOPS by 30 April 1992).
You will receive another questionnaire for the second part of the survey during March 1992.
In order to obtain comprehensive results there may well be several respondents within the same district 
or county.
In the event of any difficulties, or if further information is required, please contact the appropriate
regional advisor:-
SCOTLAND Mr Tim Dixon. Stirling District Council (0786) 50403 Ext. 152,
WALES Mr J. Wardley-Smith, O.B.E. ACOPS (0792) 390451,
ENGLAND Mr Trevor Dixon ACOPS (0494) 441833, or the ACOPS office (071) 4990704
This questionnaire is in 5 sections. Please complete each section as appropriate.
Section 1: Details of respondent
Section 2: Positively identified packaged dangerous goods (e.g. chemical drums)
Section 3: Details of suspect packages later found to contain harmless substances
Section 4: Reports concerning other hazardous substances or items such as clinical wastes or
munitions. 
Section 5: Any additional or supporting information.
SECTION 1: DETAILS OF RESPONDENT
Name of respondent ................
Name, address and telephone number of reporting authority
If you have no incidents to report, enter a tick in the box and return the questionnaire to
The Advisory Committee on Protection of the Sea, 
57 Duke Street, Grosvenor Square, 
LONDON W1M 5DH
Telephone : 071-499-0704 
Fax : 071-493-3092
Table A5.2: Questionnaire employed in the 1991/1992 survey of minor chemical
incidents around the shores of the United Kingdom. (From: Dixon, 1992).
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SECTION 2: DETAILS OF PACKAGES CONTAINING DANGEROUS OR 
HAZARDOUS SUBSTANCES
Guidance Notes
2: Geographical location Use place names and map references, Decca or geo-coordinates.
4: Substance identification Identify substances by chemical formulae, trade names, U.N.
Numbers and nature of hazard. 
5: Package markings and labels Record substance names and the nature of the hazard, if
visible on packages
6: U.N. packaging Code Enter details of embossed or other markings 
8: Origin If known, state source. Add further information in Section 5 
10: Advance warning Please indicate whether you were given advance warning of an
incident.- 
11: Damage Please provide details of any damage or personal injuries resulting from an





















AND HAZARD WARNING 
LABELS VISIBLE AND 
LEGIBLE YES/NO


























(Continue on a separate sheet if necessary)
Table A5.2 continued.
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SECTION 3: ENTER INFORMATION OF ANY SUSPECTED HAZARDOUS 
PACKAGES WHICH WERE LATER FOUND TO BE EMPTY OR CONTAIN 
HARMLESS SUBSTANCES
Guidance Notes
2: Geographical location Use place names and map references, Decca or geo-coordinates.
4: Substance identification Identify substances by chemical formulae, trade names, U.N.
Numbers and nature of hazard. 
5: Package markings and labels Record substance names and the nature of the hazard, if
visible on packages
6: U.N. packaging Code Enter details of embossed or other markings 
8: Origin If known, state source. Add further information in Section 5 
10: Advance warning Please indicate whether you were given advance warning of an
incident. 
11: Damage Please provide details of any damage or personal injuries resulting from an





















AND HAZARD WARNING 



























{Continue on a separate sheet if necessary)
Table A5.2 continued.
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SECTION 4: OTHER SUBSTANCES OR ITEMS
Record details of any other potentially dangerous or hazardous substances or items, including 



















Bather received treatment 
and tests
{Continue on a separate sheet if necessary)
SECTION 5: ADDITIONAL INFORMATION
Please add any supporting information: legal proceedings; difficulties experienced during clearance 
and disposal operations and estimated expenditure; health risks to those engaged in clearance 
operations and local populations; details of lost cargo (e.g. name of ship, nationality, voyage 
details, name of shipper). 
Add any relevant photographs, press cuttings or other published material.
(Continue on a separate sheet if necessary)
Please return to The Advisory Committee on Protection of the Sea,
57 Duke Street, Grosvenor Square,
LONDON W1M 5DH FAX NUMBER 071-493-3092
Before 30 April (1992) for the period 1 October 1991 - 31 March 1992,












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Manufactured by Colgate-Palmolive Ltd. Containers fabricated from high density polyethylene, 
transparent or opaque, with screw closures. Paper labels front and/or reverse sides. Global production 
and marketing. Mould specifications and/or country of origin usually embossed on reverse side of 
base. Tornado logo frequently present on front side.
Manufactured by Reckitt & Colman Ltd. Containers fabricated from high density polyethylene with a 
variety of closures. Country of origin usually overprinted with mould specifications embossed on 
base. Global production and marketing with large export sales from France and United Kingdom.
du Data unavailable
Table A6.2: Marketing specifications and descriptions of container samples utilised to 
deduce persistence in the marine environment (Cherbourg Peninsula, 
Channel Islands and West Jutland, 1978-79). (From: Dixon & Dixon, 
1980).



































United Kingdom 1962 market leader 20.0
Manufactured by Lever Bros. Ltd in the United Kingdom and West Germany. Containers fabricated 
from high density polyethylene, usually dark blue in colour. Screw aluminium enclosures usually 
coloured red. Paper label. Mould specifications embossed on base with individual date code. Bottles 
re-usable between 1964 and 1967
Manufactured by Lever Bros. Ltd. in United Kingdom. Containers fabricated white high density 
polyethylene with conspicuous fluted sides. Overprinted in red and blue. Blue sprinkle closure. 
Mould specifications embossed on base with date code. Artwork code on sides. Hometrade product 
exported all markets with exception of Europe, North and South America and Australia.
Manufactured by Jeyes Ltd. with global marketing and production. Containers fabricated high density 
polyethylene with varying shapes and sizes. Variety of closures. Country of origin overprinted or 
embossed on base with mould specifications.
Manufactured by Jeyes Ltd with global marketing and production. Containers fabricated high density 
polyethylene with varying shapes and sizes. Closures usually screw cap. Country of origin 






























































































































































































































































































1 19 1 74 65 13 20
13 7 48 44 21 17
- - - - - - -



















































































































































































































































































































































































































































































































































































































































































































0 2 0 11 0 6
28 36 19 4 15 7
- - - - - -
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14 5 1 19 13 2 15 9 23 10
0
1 - 2 9 10 3 4 3 5 37
3 - 5 24 27 8 11 8 14 10
0
76 13 6 71 52 27 31 23 35 33
4
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0


















































81 48 70 94 29
3
28 16 24 32 10
0
20 32 79 19 15
0
13 21 53 13 10
0
5 1 2 1 9
56 11 22 11 10
0
5 2 11 5 23
22 9 48 22 10
0
86 49 72 95 30
2
28 16 24 31 10
0
25 34 90 24 17
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13 31 20 19 83
16 37 24 23 10
0
2 55 19 8 84
2 65 23 10 10
0
1 6 - - 7
14 86 - - 10
0
3 42 7 4 56
5 73 13 7 10
0
14 37 20 19 90
16 41 22 11 10
0
5 97 26 12 14
0













































30 23 49 59 43 20
4
15 11 24 29 21 10
0
49 20 8 16 12 10
5
47 19 8 15 11 10
0
3 3 8 1 2 17
18 18 47 6 11 10
0
6 11 52 9 13 91
7 12 57 10 14 10
0
33 26 57 60 45 22
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15 12 26 27 20 10
0
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0
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